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APPARATUS AND METHOD FOR PRODUCING A 
WEB OF THERMOPLASTIC FILAMENTS 

Field of the Invention 
The invention relates to an apparatus and 
method for producing a web of spunbonded therinoplastic 
filaments, and more particularly relates to an 
5 apparatus and method for producing a spunbonded web of 
enhanced uniformity and quality. 

Background of the 3;nveptj.on 
The spunbonding process is widely used for 
producing nonwoven fabrics from thermoplastic 
10 filaments. Spunbonded fabrics can be produced by many 
routes, but the majority of spunbonding processes 
include the basic steps of extruding continuous 
filaments of a f iber^f orming thermoplastic polymer, 
quenching the filaments, drawing or attenuating the 
15 filaments, usually by a high velocity fluid, and 

depositing the filaments on a collection surface to 
form a web. 

Manufacturers of spunbonded nonwoven fabrics 
have long sought to improve the manufacturing process 
20 to achieve higher productivity and better quality and 
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imif03naity of the spiinbonded nonwoven fabric • 
Main-taining the quality emd uniformity of the fabric 
becomes a particular concern at higher production 
speeds and when producing fabrics of low basis weight. 
5 Several characteristics affect the quality and 
uniformity of spunbonded noriwoven fabrics. 

Filament separation is the degree of 
separation of the individual filaments from one 
another. Good filament - separation occurs when the 

10 filaments are randomly arranged with limited parallel 
contact between the filaments. Ideal ly, no individual 
filaments should be in parallel contact with another 
filament, although, in practice, filaments tend to be 
in parallel contact over considerable distances* Good 

15 filament separation is particularly important for light 
weight fabrics, where good coverage is more difficult 
to achieve • Ropiness is the extreme state of poor 
filament separation* Large numbers of filaments in 
parallel twisted contact result in long strands in the 

20 fabric, which can causes holes or very thin areas in 
the fabric. Splotchiness is a relative large-scale 
non-uniformity in basis weight. A fabric having 
splotchiness is generally weak because of the lower 
tensile strength of the thin areas of the fabric. 

25 Also, a splotchy fabric generally has poor cover 
. properties. 

In the early spunbond processes which used 
round attenuator tubes to attenuate and draw the 
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filaments, achieving good uniformity and adequate cover 
presented significant challenges, particularly when 
manufacturers attempted to produce lighter weight webs 
or to produce webs at higher speeds or reduced cost. 
5 The round attenuator tubes, often called Lurgi tubes, 
typically use large quantities of high pressure air 
that provide the attenuation force for the filaments. 
This results in high utility costs and high noise 
levels. Increasing the number of filaments in each 

10 tube to increase productivity and to reduce the utility 
expense results in increased problems of poor filament 
separation, ropiness and webs having poor cover. 

Many attempts have been made to overcome the 
above problems of filament separation, ropiness and 

15 splotchiness while still preserving the tensile 
properties of nonwoven webs made from spunbonded 
thermoplastic filaments. For example. United States 
Patent Nos. 3,296,678; 3,485,428 and 4,163,305? describe 
various apparatus and methods for mechanical and 

20 pneumatic oscillation of continuous filament bundles to 
spread the filaments as they are deposited on the 
collection surface. United States Patent No* 4,334,340 
describes using an air foil at the exit of a round 
attenuator tube to separate continuous filaments prior 

25 to their deposit on a forming wire. Forced air follows 
the leading edge of the air foil and filaments striking 
the foil are carried by the forced air onto a forming ' 
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wirer resulting in a spreading of the filament bundle 
that promotes random deposit of the filaments. 

Various electrostatic methods have been 
proposed to promote spreading of the filament bundle by 
5 applying an electric? charge to the filaments to cause 
the filaments to repel one another * United States 
Patent No. 3> 33 8, 992 describes triboelectric charging, 
in which the filaments are charged by rubbing contact 
with a suitable dielectric material and repelling 

10 forces induced in the filament bundle cause the 

filaments to separate as they exit a forwarding gun and 
prior to deposit on the forming wire. However^ rubbing 
contact typically is not desirable for more delicate 
webs, and this method is also subject to lack of 

15 reliability when ambient conditions change. The above- 
noted United States Patent Nos. 3,338,992 and 3,296,678 
also describe electrostatically charging the filament 
bundle with an ion gun or corona discharge device prior 
to drawing and forwarding the filaments i 

20 United States Patent No. 4,208,366 describes 

a spunbonding process without the use of forced air 
attenuation, but which includes electrostatic treatment 
of the filament bundle. The extruded filaments pass 
through an electrostatic charging zone and are drawn 

25 through a nip between elastomer covered draw rolls. 
The charged filaments are propelled by the draw rolls 
into an electrostatic field generated between the rolls 
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and the collecting surface, which attracts the 
filaments to the collecting surface. 

United States Patent Nos. 3,163,753, 
3,341,394, and 4,009,508 relate to the use of corona 
5 electrodes for electrostatic treatment of filament 

bundles attenuated with round attenuator guns. In U.S. 
Patent No. 3,163,753, the filament bundle is passed 
adjacent a charged corona electrode while passing over 
a grounded bar. In U.S. Patent No. 3,341,394, a corona 

10 is applied while the filaments are under tension and 
before the filaments enter the attenuation tube. In 
U.S. Patent No. 4,009,508, the filaments are subjected 
to electrostatic treatment from a corona after they 
have been discharged from the round attenuator tube and 

15 while the filaments impinge upon a target electrode for 
spreading in the electric field. 

Various slot attenuators have been developed 
to overcome the problems and limitations of the roxind 
attenuator. In a slot attenuator, or slot draw 

20 process, the multiple tube attenuators are replaced 
with a single slot-shaped attenuator that covers the 
full width of the machine. A supply of air is admitted 
into the slot attenuator below the spinneret face. The 
air proceeds down the attenuator channel, which narrows 

25 in width, creating a venturi effect to accelerate the 
air flow and cause filament attenuation. The filaments 
exit the attenuator channel and are collected on the 
forming wire. The attenuation air, depending on the 
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type of slot draw process used, can be directed into 
the attenuation slot by a pressurized air supply above 
the slot, or by a vacuum located below the forming 
wire. Slot drawing has various advantages over the 
5 Lurgi and other tube-shaped attenuator processes. The 
slot attenuator is self-threading in that the filaments 
fall out of the spin block directly into the slot 
attenuator . The high pressure a:ir used by Lurgi 
devices is not always required, thereby reducing noise 

10 and utility costs. 

However, despite the advantages of the slot 
draw process, cover problems can still occur, 
particularly for lighter weight fabrics. The forced 
air stream can introduce turbulence at the point where 

15 the web is formed on the collection surface, which 
adversely affects the. quality of the web. . . 
Additionally, manufacturers = are still attempting to 
produce webs at higher processing speeds, which 
compounds the problem. For example, U.S. Patent No. 

20 4,753,698 describes a technique for mechanically 

oscillating the rank of filaments exiting a slot draw 
attenuator and applying vacuum through the forming wire 
to fix the filaments in place. Goanda rolls set up a 
pendular movement in the filament rank. However, the 

25 swinging velocity of the filaments at the reversal 
points is ZBvOf and, unless special precautions are 
taken, pile-ups can occur at. the reversal points. 
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In view of the advantages of the slot draw 
process over prior filament attenuation techniques, it 
would be desirable to provide a slot*draw process 
capable of producing spunbonded fabrics having better 
5 cover properties. Accordingly, it is an object of the 
present invention to provide a slot draw process and 
apparatus for producing a spunbonded nonwoven web 
having improved cover properties. More particularly, 
it. is an object of the present invention to provide a 

10 slot draw process and apparatus capable of producing 
nonwoven webs having excellent cover characteristics, 
despite low basis weight or high processing speeds. 

Summary of the Invention 
In accordance with the invention, a slot draw 

15 attenuator is provided with a corona device positioned 
for electrostatically charging filaments leaving the 
attenuator so that electrostatic repelling forces are 
Induced in the filaments to more uniformly spread the 
filaments before they are deposited on a collection 

20 surface to form a web. 

The slot draw attenuator, more particularly, 
has opposing walls defining an entrance slot for 
receiving the filaments, an exit slot from which the 
filaments are expelled, and a slot-shaped passageway 

25 extending between the entrance and the exit and through 
which the filaments travel while being drawn and 
attenuated. A collection surface is positioned 
adjacent the exit slot of the attenuator for receiving 
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the filaments that are expelled from the attenuator to 
form a web. The corona device includes an electrode 
means that is carried on the walls of the attenuator 
and is positioned for generating an electrostatically 
5 charged field across the slot-shaped passageway through 
which tire: filaments travel. 

More specifically, the electrode means 
includes a series of point or wire corona electrodes 
that are carried by the exit slot on one of the 

10 . opposing attenuator , walls. These corona electrodi^s are 
located in a staggered relation to one another at 
spaced locations across the width of the wall of the 
attenuator. A ground is connected to the other 
opposing wall of the attenuator. The high voltage 

15 power source is connected to each of the corona 

electrodes for producing a corona discharge, i.e. an 
electrical discharge in the air surrounding the corona 
electrode. The power is supplied through an electrical 
conductor that is carried by an elongate insulator bar 

20 attached to the attenuator wall. Each of the corona 
electrodes is mounted along the elongate insulator bar 
and is electrically connected to the^ electrical 
conductor through a high voltage resistor. 

The present invention also provides a method 

25 of producing a web of thermoplastic filaments in. which 
the filaments are directed into and through an elongate 
slot-shaped passageway while being attenuated and 
drawn. The filaments are electrostatically charged in 
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the passageway and are then expelled from the 
piassageway while the repelling forces induced in the 
filaments by the electrostatic charge cause the 
filaments to repel one another, thus more uniformly 
5 spreading and distributing the filaments. The 

filaments are then deposited on a collection surface to 
form a web* 

More specifically, the method includes 
passing the filaments through a corona zone wherein a 

10 high voltage is applied to a series of corona 

electrodes located along one of a pair of opposing 
walls in the slot-shaped passageway . The electrodes 
generate a corona in the slot-shaped passageway between 
the wall carrying the electrodes and extending to the 

15 grounded other wall. 

The apparatus and method of the invention are 
capable of producing spunbonded webs of enhanced 
uniformity and quality as compared to prior practice. 
Additionally, by practice of this invention, it is 

20 possible to produce spunbonded nonwoven fabrics that 
have acceptable cover and tensile properties at basis 
weights significantly lower than produced by previous 
apparatus and methods. 

Brief Description of the Drawings 

25 Some of the features and advantages of the 

invention have been stated, other advantages will 
become apparent as the description of the invention 
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proceeds |. taken in conjunction with the accompanying 
drawings, in which': 

Figure 1 schetaatically illustrates an 
apparatus for forming a spunbonded nonwoven web in 
5 accordance with the invention; 

Figure 2 is perspective view of a portion of 
the apparatus of Figure 1 showing the slot draw 
attenuator; 

Figure 3 is a transverse section through the 
10 slot draw attenuator, taken along line 2-2 of Figure 2 
and showing the corona electrode assembly used for 
electrostatically charging the filaments; 

Figure 4 is a longitudinal section through 
the corona electrode assembly taken along line 4-4 of 
15 Figure 3 ; 

Figure 5 is a perspective view of a portion 
showing a group of pin-shaped point electrodes moiinted 
in a mounting block for insertion into the corona 
electrode assembly; 

20 Figure 6 is an. enlarged fragmentary cross- 

sectional view of the corona electrode assembly taken 
from Figure 3 showing the attachment of the electrodes 
to high voltage resistors; and 

Figure 7 is a perspective view similar to * 

25 Figure 5, showing an alternate form of corona electrode 
assembly. 



wo 93/21370 PCr/US93/02917 

-11- 

Description of the Illustrated Embodiment 

In Figure 1, reference 10 generally indicates 
an apparatus for producing a spunbonded nonwoven web of 
continuous filaments. The apparatus 10 includes a melt 
5 spinning section for producing continuous filaments of 
a thermoplastic polymer, including a feed hopper 12 for 
receiving the polymer raw material in granular or 
pellet form and an extruder 13 for heating the polymer 
to a molten plastic state. The spunbonding process is 
10 applicable to a large variety of polymer resins, 
copolymers, and mixtures thereof, and the skilled 
artisan will recognize that the present invention is 
not restricted to the specific resins that may be used. 
The molten polymer is directed from the 
15 extruder 13 at a controlled, metered rate to a 

generally linear die head or spinneret 15 where the 
molten polymer is extruded as streams from fine die 
orifices to form continuous filaments P. The filaments 
are quenched by a supply 16 of cooling air and are 
20 directed to a slot draw attenuation device 17 which 
covers the full width of the spunbonding machine. A 
supply of air is admitted into the slot attenuator 17 
below the spinneret face. The air proceeds down the 
attenuator channel, which narrows in width in the 
25 direction away from the spinneret, creating a venturi 
effect, causing acceleration of the air and attenuation 
of filaments. The filaments exit the lower end of the 
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attenuation device and are randomly deposited on an 
endless forming belt ZO to form a web W. 

The attenuation air, depending on the type of 
islot draw process used, can be directed into the 
5 attenuatiori slot by a pressurized air supply above the 
slot^ by a vacuum located below a forming belt, or by 
the use of eductors integrally formed in the slot. In 
the embodiment illustrated, the slot draw attenuator 17 
includes an eductor 22 which introduces air into the 

10 attenuator 17 between the inlet and exit ends thereof. 

A corona device, generally indicated by 
reference 18, is located adjacent the exit end of the 
attenuator. The corona device generates a Corona of 
ionized air through which the filaments F pass as they 

15 travel through the attenuator, which introduces an 
electrostatic charge on the filaments, causing the 
filaments ta repel one another. The filaments thus 
separate and spread apart from one another as they exit 
the attenuator before being deposited randomly on the 

20 endless forming belt 20 . The corona device is described 
more fully below with reference to Figures 2 through 7. 

^ Endless forming belt 20 forms a driven loop 
20' that has a generally horizontally extending run 24 
for supporting web W and for transporting the web from 

25 the initial lay-down point 26. Guide rolls 28 located 
inside loop 20' extend in substantially parallel 
relationship in the cross direction of the belt 20 for 
supporting the belt. Belt 20 is preferably of a porous 
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or foraminous construction so that air from attenuator 
17 can pass through the belt and so that vacuum can be 
applied to the web W through the belt to provide 
enhanced control over the web during formation and 
5 transfer i 

As shown in Figure 1, as the web W reaches 
the downstream end of the belt 20, it is transferred 
from the belt and is advanced through a calender nip 32 
formed between cooperating rolls 30 and 34. The 

10 filaments of the web are thermally bonded together as 
they pass through the calender nip. Preferably, the 
one of the rolls has a smooth surface and cooperating 
roll is provided with a patterned surface so that 
thermal bonding takes place at discrete locations or 

15 points over the surface of the web. 

After passing through nip 32, the now 
thermally bonded web is directed along the calender 
roll surface to a windup roll 42. Windup roll 42 may 
be of any conventional type. In the embodiment shown, 

20 support rolls 43 and 44 support and rotate the roll 42 
of spunbonded nonwoven fabric. 

Also shown in Figure 1 is a vacuum box 48 
inside the loop 20' that applies a vacuum through belt 
20 for holding and immobilizing the web W with respect 

25 to the belt 20. Vacuum box 48 is a conventional sheet 
metal enclosure having a vacuum source connected 
thereto through conduit 50. Also the vacuum box 48 may 
be used to facilitate the attenuation of the filaments, 
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as was explained above, by drawing air through the slot 
draw attenuator 17 . 

The slot draw attenuator 17 will now be' 
described in more detail in connection with Figure 2» 
5 As shown, the attenuator has opposing walls 52 and 54 
' that define an entrance slot 56 for receiving the 
filaments P from spinneret 15 and an exit slot 58 from 
which the attenuated and drawn filaments are 
discharged. The opposing walls 52 and 54 also define an 

iO elongate slot-shaped passageway 50 (Figure 3) that 
extends between the entrance 56 and the exit 58 and 
through which the filaments P travel while being drawn 
and attenuated. Bductors 22, associated with walls 52 
and 54, inject air into the slot shaped passageway 60 

15 and along a downward flow path at a location just below 
the entrance slot 56. Air is distributed to the 
eductors through manifolds 62 and 64. 

The corona device 18 is located adjacent the 
exit end 58 of the slot attenuator 17. As shown in 

20 Figure 2, it includes a corona, electrode assembly 66 
that is carried by attenuator wall 52 and extends the 
full width of wall 52 in the cross direction. The 
electrode assembly 66 is connected to a high voltage 
power source 19 and the opposite attenuator wall 54 is 

25 grounded. . . 

The electrode assembly 66 includes an 
elongate bar 68 formed of an electrical insulator with 
high dielectric strength, such as plastic. Insulator 
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bar 68 is attached to the outer surface of attenuator 
wall 52. As can be seen more clearly in Figure 3, the 
bottom -edge of attenuator wall 52 terminates a short 
distance above the bottom edge of the opposing 
5 attenuator wall 54 and the insulator bar 68 has a 

projecting shoulder portion 69 extending from the body 
of the insulator bar 68 a distance corresponding to the 
thickness of the wall 52 so that the inner exposed face 
of the shoulder portion 69 lies coplanar with the inner 

10 surface of attenuator wall 52. The projecting shoulder 
portion 69 of the insulator bar 68 thus forms the 
bottom portion of the attenuator wall and is located 
directly opposite the opposing grounded attenuator wall 
54. Shoulder portion 69 is shown enlarged in Figure 6. 

15 Located in the projecting shoulder portion are cavities 
70 in which are mounted a series of spaced apart point 
electrodes in the form of conductive metal pins 72 with 
ends which taper to sharpened points projecting into 
the passageway 60 a short distance. The pins 72 are 

20 oriented toward the opposing grounded attenuator wall 
54 for creating a corona of ionized air across the 
entire passageway 60 adjacent the discharge end 58 of 
the attenuator slot. 

Referring now to Figure 4, it will be seen 

25 that the pins 72 are arranged in groups extending from 
a mounting block 74 formed of an electrically 
insulating material with high dielectric strength. A 
single mounting block and associated corona electrode 
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pins are shown in enlarged perspective in Figure 5. 
The mounting blocks are seated on the floor of the 
cavity 70 and are arranged in two vertically spaced 
apart rows extending the full width of the insulator 
5 bar. The mounting blocks in each row are spaced apart 
from one another and the mounting blocks in one row are 
arranged in offset or staggered relation to the 
mounting blocks in the other row so as to insure that 
the electrically charged corona field produced by the 
10 corona electrodes is uniform and covers the full width 
of the passageway 60 from left to right as seen in 
Figure 4, 

The respective pins of each mounting block 74 
are connected to high voltage power source 19 through a 

15 resistor 7e. The resistors are located in vertical 

bores formed in the insulator bar es. The lower end of 
each resistor is electrically connected to the 
respective pins 72 of a mounting block 74 through a 
central lead and the upper end of the resistor is 

20 connected to an electrical conductor or buss 78 which . 
extends the full width of the insulator bar 68 to 
distribute a high Voltage from power. source 19. 

Any high voltage DC source 19 may be used to 
estedDlish the electrostatic field between the corona 

25 electrodes and grounded opposing slot wall 54. The 

source should preferably have variable voltage settings 
up to at least about 50 kV and, preferably, (-) and (+) 
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polarity settings to permit adjustments in establishing 
the electrostatic field. 

When the filaments pass through the corona, 
they become electrostatically charged, which causes the 
5 filaments to repel one another and to separate and to 
spread apart as they enter the free fall zone located 
between the attenuator 17 and the forming belt 20 and 
continue to do so until deposited on the forming belt. 
The free fall zone should be of sufficient length to 
10 provide for the desired filament separation in the web. 

Figure 7 shows an alternative form of the 
corona electrode wherein the electrodes are in the form 
of a wire rather than individual pins. Thus, as shown 
in Figure 7, the mounting block 74' has a corona 
15 electrode in the form of a wire 72' extending the 
length of the mounting block. 

Example 

This example compares the physical properties 
of spunbonded webs of various basis weights produced in 
20 accordance with the present invention using a corona 

device with webs of comparable basis weight produced by 
similar processing conditions but without the corona 
device. 

The results tabulated below were achieved 
25 under the following process conditions. A 

polypropylene polymer was melt extruded and drawn by a 
slot draw attenuator at a filament speed of 
approximately 1000 to 3000 meters per minute. The 
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distance between the corona device and the forming wire 
was 350 - 600 mm. The distance between the tip of the 
pins and the opposite grounded conductive plate was 11 
mm and a voltage of from S to 30 kV was applied from a 
5 high voltage source to the- pins. Additionally, a 

vacuum was applied to the forming wire of from 8 to 180 
mm of water and the forming wire traveled at 
approximately 50 to 200 meters per minute. Samples 1, 
3 emd 5 were produced with the corona device operating 
10 and are thus in accordance with the invention. Samples 
2, 4 and 6 are control samples produced on the same 
apparatus under similar processing conditions, but with 
the corona device inoperative. Results achieved under 
these conditions are tabulated below. 
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As can be seen from the comparative examples, 
the fabrics produced by practice of the present 
invention have drastically improved physical properties 
as compared to the control sample of comparable basis 
5 weight • The tensile strength, both in the machine 

direction and in the cross direction is significantly 
increased. Additionally,, the percentage breakthrough 
is greatly reduced. The percentage breakthrough is a 
measurement of the level of penetration of certain size 

10 particles during a given time. The lower the 

percentage breakthrough, the better the quality and 
cover properties of the web* As also seen from the 
table, the degree of formation greatly improves with 
electrostatic application. Formation is the visual 

15 appearance of the web, indicating how unif ormly the ; 
filaments are distributed throughout the entire web. 
This evaluation also takes into consideration such 
defects as streaks,, splotches, light spots or even 
holes, and the presence of ropiness. Formation is 

20 evaluated by trained individuals visually on a scale of 
0 to 5, with 5 being the best* 

It should be understood that the specific 
embodiments described in detail hereinabove and 
illustrated in the drawings are specific examples of 

25 Ixow the present invention may be practiced and that the 
invention is not limi1:ed to these specific embodiments. 
Those modifications that come within the meaning and 
range of equivalence of the claims are to be included 
within the scope of the invention. 
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WHAT IS CLAIMED IS: 

1. An apparatus for producing a web of 
thermoplastic filaments comprising: 

a) a slot draw attenuator having opposing 
5 walls defining an entrance slot for receiving 

filaments, an exit slot from which the filaments are 
expelled, and a slot-shaped passageway extending 
between said entrance and said exit and through which 
the filaments travel while being drawn and attenuated; 
10 b) a collection surface positioned adjacent 

said exit slot of said attenuator for receiving the 
filaments that are expelled from said attenuator to 
form a filamentary web; and 

c) corona means positioned for 
15 electrostatically charging the filaments that are 

expelled from said attenuator so that repelling forces 
are induced in the filaments to more uniformly spread 
the filaments before they are deposited on said 
collection surface to form a web. 

20 2. The apparatus according to Claim 1 

wherein said corona means includes electrode means 
carried on said walls of said attenuator and positioned 
for generating an electrostatic field through which the 
filaments pass as they travel through said slot- shaped 

25 passageway of said attenuator. 

3. The apparatus according to Claim 2 
wherein said electrode means includes a series of 
corona electrodes carried by one of said opposing 
attenuator walls, said corona electrodes being located 
30 at spaced locations along the length of the slot-shaped 
passageway; a ground connected to the other of said 
opposing attenuator walls, and a high voltage power 
source connected to each of said corona electrodes. 
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4. The apparatus according to Claim 3 
wherein said electrode means includes an elongate 
insulator bar carried by said one attenuator wall 
adjacent said exit slot, and an electrically conductive 
5 buss carried by said insulator bar, and wherein said 
corona electrodes are mounted at spaced locations along 
said elongate insulator bar and are electrically 
connected to said conductive buss. 

5 . The apparatus according to Claim 4 
10 wherein said corona electrodes each comprise a pin 
having a sharpened point facing into" the slot*shaped 
passageway and a high voltage resistor electricailly 
connecting the pin to jsaid buss. 

6. The apparatus according to Claim 4 
15 wherein said corona electrodes each comprise a wire 

facing into the slot— shaped passageway and a high 
voltage resistor electrically connecting the wire to 
said buss. 

7. The apparatus according to Claim 3 

20 wherein said corona electrodes are located in staggered 
relation to one another at spaced locations across the 
width of said one wall. 



8 • An apparatus for producing a web of 
spunbonded thermoplastic filaments comprising: 
25 a) means for extruding filaments of a 

thermoplastic polymer; 

b) a slot draw attenuator having opposing 
walls defining an entrance slot positioned for 
receiving filaments, an exit slot from which the 
30 filaments are expelled, and a slot-shaped passageway 
extending between said entrance and said exit and 
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through which the filaments travel while being drawn 
and attenuated; 

c) an endless moving belt positioned for 
receiving the filaments expelled from said attenuator 

5 and for forming a filamentary web; 

d) a corona device for electrostatically 
charging the filaments that are expelled from said 
attenuator, said corona device comprising a plurality 
of corona electrodes fixed to one of said walls of said 

10 attenuator adjacent said exit slot, a ground connected 
to the wall of said attenuator opposite said corona 
electrodes, and a high voltage power source connected 
to said corona electrodes so as to form an 
electrostatic field through which the filaments travel 

15 so that the filaments become charged and electrostatic 
repelling forces are induced in the filaments to more 
uniformly spread the filaments before they are . 
deposited on said belt to form a web; and 

g) means for bonding the filaments together 

20 after they have been formed into a web on said belt. 

9. The apparatus according to Claim 8 
wherein said corona device includes an elongate 
insulator bar carried by said one attenuator wall 
adjacent said exit end, and an electrically conductive 

25 buss carried by said insulator bar and electrically 

connecting said corona electrodes to said high voltage 
source, and wherein said corona electrodes are mounted 
at spaced locations along said elongate insulator bar. 

10. The apparatus according to Claim 9 
30 wherein said corona electrodes each comprise a pin 

having a sharpened point facing into the slot-shaped 
passageway and a high voltage resistor electrically 
connecting said pins to said buss. 
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11. The apparatus of Claim 10 said apparatus 
includes mounting blocks fixed to said resistors for 
electrically connecting said pins to said resistors. 

12. The apparatus according to Claim 8 

5 wherein said corona electrodes are located in staggered 
relation to one another at spaced locations across the 
width of said one wall. 

13* An apparatus for producing a web of 
spunbonded thermoplastic filaments comprising: 
10 aj a spinning beam for extruding filaments 

of a thermoplastic polymer; 

b) a slot draw attenuator having opposing 
walls defining an entrance slot positioned for 
receiving filaments, an exit slot from which the 

15 filaments are es^elled, and a slot-shaped passageway 
extending between said entrance and said exit and 
through which the filaments travel while being drawn 
and attenuated, said slot draw attenuator including an 
adductor for inducing a flow of air through said slot 

20 draw attenuator for drawing and attenuating the 
filaments; 

c) ah endless moving belt positioned for 
receiving the filam^ts expelled from said attenuator 
and for forming a filamentary web; 

25 d) a corona device for electrostatically 

charging the filaments that are expelled from said 
attenuatorv said corona device comprising an elongate 
insulator bar carried by one of said opposing 
attenuator walls adjacent said exit slot, an 

30 - electrically conductive buss: carried by said insulator 
bar, a plurality. of corona electrodes mounted at spaced 
locations along said elongate insulator bar and 
electrically connected to said conductive buss, a 
ground connected to the wall of said attenuator 

35 opposite said corona electrodes, and a high voltage 
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power source connected to said corona electrodes 
through said conductive buss so as to form an 
electrostatic field through which the filaments travel, 
so that the filaments become charged and electrostatic 
5 repelling forces are induced in the filaments to more 
uniformly spread the filaments before they are 
deposited on said belt to form a web; 

g) a calender nip for bonding the filaments 
together after they have been formed into a web on said 

10 belt; and 

h) a windup roll for winding the spunbonded 
web after passage through said calender nip. 

14. The apparatus according to Claim 13 
wherein said corona electrodes each comprise a pin 

15 having a sharpened point facing into the slot-shaped 
passageway and a high voltage resistor electrically 
connecting said pins to said buss. 

15. The apparatus according to Claim 14 
wherein said apparatus includes mounting blocks fixed 

20 to said resistors for electrically connecting said pins 
to said resistors. 



16. The apparatus according to Claim 13 
wherein said corona electrodes are located in staggered 
relation to one another at said spaced locations along 

25 said elongate insulator bar. 

17 . A method for producing a web of 
thermoplastic filaments comprising directing a 
plurality of filaments into and through an elongate 
slot-shaped passageway while attenuating and drawing 

30 the filaments as they travel through the passageway, 

electrostatically charging the filaments as they travel 
through the slot-shaped passageway, expelling the 
electrostatically charged filaments from the elongate 
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slot-shaped passageway while permitting the repelling 
• forces .induced in the filaments by the electrostatic 
charge to more uniformly spread the filaments^ and 
depositing the thus spread filaments on a collection 
5 surface to form a web. 



18. The method according to Claim 17 wherein 
the step of electrostatically charging the filaments 
comprises passing the filaments through an 
electrostatic field formed by a corona. 

10 19. The method according to Claim 18 wherein 

the step of passing the filaments through an 
electrostatic field includes applying a high voltage to 
an electrode located along one of a pair of opposing 
walls in the slot-shaped passageway and generating a. 

15 corona in the slot^shaped passageway between the 
electrode cind the opposing wall of the slot-shaped 
passageway. 

20. The method according to Claim 19 wherein 
the step of applying a high voltage to an electrode 
20 comprises distributing the high voltage among a series 
of corona electrodes esctending into the slot-shaped 
passageway at spaced locations along one Wall of the 
passageway. 
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21. A method for producing a web of 
spunbonded thermoplastic filaments comprising the steps 
of : 

a) directing a plurality of filaments of 

5 fiber-forming thermoplastic polymer into and through an 
attenuator passageway in the form of an elongate slot- 
shaped venturi while causing air to flow through the 
slot-shaped venturi so as to entrain the filaments and 
attenuate and draw them as they travel through the 
10 attenuator passageway; 

b) generating a corona of ionized air in 
the attenuator passageway adjacent the exit end thereof 
and in the path of the advancing filaments so that the 
filaments become electrostatically charged; 

15 c) expelling the electrostatically charged 

filaments from the attenuator passageway and permitting 
the filaments to fall onto an underlying collection 
surface while repelling forces induced in the 
electrostaticjally charged filaments cause separation 

20 and spreading of the filaments; 

e) advancing the collection surface as the 
filaments are deposited thereon to form a web; and 

f) thermally bonding the filaments to form 
a unitary web. 
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